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Abstract 
Controlled release fertilizer (CRF) is a prominent green technology that helps to reduce the adverse effect of fertilizer on the 
environment. A good CRF is expected to synchronize with the nutrient uptake of plants along the crop duration. The water 
absorption which related to the delay of nutrient release also plays an important role in order to produce a good CRF. This work 
studied the water absorption in the coating and in the fertilizers using weighing technique. Moreover, the relationships between 
the absorption processes with the release of nutrient were also pointed out and compared to those in literature. Results showed 
that water penetration in the coating took place sooner and faster than that in the fertilizers. And, the lag time in nutrient release 
profile should be linked to the water infiltration in the coating rather than that in fertilizers. Moreover, the absorbency curve 
followed a first-order kinetic and was similar to cited literature. 
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1. Introduction 
Controlled release fertilizer (CRF) is a new green generation of fertilizer that provides nutrient continuously for a 
whole crop application in a controlled manner. The release of nutrient from CRF is expected to synchronize with the 
nutrient uptake from plant [1, 2]. The amount of fertilizer lost to the environment, therefore, can be reduced. 
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Consequently, it helps to increase the nutrient use efficiency (NUE) and prevents the adverse effect to the 
environment (e.g., greenhouse gasses [3], groundwater contamination [4]). In general, CRFs can be divided into 
three groups: reservoir, chemically controlled release, and matrix type [5]. Among these types, reservoir type is the 
most common one. The fertilizer core is encapsulated within an inert carrier, and these are regarded as coated 
fertilizers where nutrient release is controlled by the diffusion through the coating. 
 
Nomenclature 
Scw water saturation level in the coating  
Sfw water saturation level in the fertilizers 
mcoat(t) is the weight of coating at time step t after immersed, g, 
mabsorbed_water(t) is the weight of water absorbed by the fertilizer at time t after immersed, g 
 
To specify CRF for various types of plants and weather conditions, it is required to manipulate the characteristic 
of the coating structure, diffusivity, and geometry of fertilizers [6]. Nowadays, numerous researchers [7–13] have 
attempted to produce novel coating material in order to have a good CRF. Goertz studied the release of nitrogen 
from sulfur-coated urea, and the release was controlled by sulfur thickness [14]. Wu [15] studied the characteristic of 
nutrient release from acetate coated granule. Boli Ni [16] investigate novel slow release fertilizer based on 
attapulgite (APT) clay and guar gum. Li Chen [17] developed urea with a starch-g-poly (L-lactide) coating. Sarwono 
[18] worked on modified tapioca starch with lignin as the improved hydrophobicity coating. Rashid et al. [19] 
enhanced the release characteristic of urea–kaolinite fertilizer with chitosan binder. Depending on the material, the 
release curve of CRFs can be either a linear, power law or sigmoidal pattern. In general, the release mechanism 
begins with a wetting process where water penetrates in fertilizer through the coating. The dissolution process 
comes, quickly dissolves the soluble fertilizer core when water reaches the inner wall of the coat, and then increases 
the internal pressure of the solution. The third process is the release of nutrient from the core to the outer space. Fig. 
1 illustrates the entire release process of fertilizer [20]. 
 
Fertilizer release 
into soil 
gradually and 
consistently
Water penetrate in
through the coating
N dissolve into
solution inside the granule
N move out through
the polymer coating  
Fig. 1. A demonstration of an entire nutrient release process (obtained from Agrium Advanced Technologies [20]). 
Water penetration (or water absorbency) into the coating layer is the first stage of the release process. The 
absorption process has a vital role in the release process. For example, if water can not penetrate in the coat, the 
release will not occur. If the water penetrates fast, the release will occur soon. However, this absorption process gets 
less attention in most of the researches. It is mostly neglected because its duration is very short as compared to the 
time for total release process and sometimes nearly invisible, especially in the case of power law release. Hence, the 
researchers mostly concentrate on the nutrient release process. In 2003, Shaviv [22] has related the water absorption 
time to the lag time (t0) in his model to estimate the entire release process. 
In the nutrient release profile, the lag time is the delay period during which there is no nutrient released. For 
commercial controlled-release fertilizers, this time usually takes a few days to weeks and occupies around 5% of the 
total release times. Although the lag time is short, it sometimes plays an important role in the development of the 
plant, especially when fertilizer is applied together with the seeds. If the lag time is less than the germination time, 
nutrient releases sooner and accumulates in the vicinity of seeds area. This high concentration can cause damage to 
the seeds and young roots. For example, nitrogen should not release before the 1st week after planting for a 
reproductive growth in the case of MR219 rice variety [23]. If the lag time is prolonged, plants can not receive 
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enough nutrients for their development. Therefore, a better understanding on the water penetration, its relation to the 
lag time (t0) and the release process will contribute to the field in order to provide good control to CRF. In 
conjunction with this objective, the study aims to investigate the dynamic of water penetration in the coating and 
fertilizer, and their relationships with the nutrient release process. 
2. Methodology 
2.1. Water penetration in the coating test 
The dynamic test of water penetration into the coating was conducted based on weighing technique as 
demonstrated in Fig. 1. The analytical balance was used to measure the weight of samples during the test. The 
fertilizers were prepared by weighing around 1.3 r 0.0001 grams of CRFs. After urea is removed, and the coating 
was immersed in a beaker contained 60 ml DI water. For each interval of 24 hours, the samples were taken out, 
removed the unabsorbed water outside of the coating, and weighed until reaching equilibrium. The amount of water 
absorbed in the coating is presented by effective water saturation level in the coating (Scw) and calculated by the 
following equation (1). 
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Fig. 2. Flow chart for water absorption experiments in the coating and in the fertilizers. 
2.2. Water penetration in the fertilizers test 
The dynamic test of water penetration into fertilizer is conducted based on weighing technique. This test is 
carried out with three replicate samples. The fertilizers were prepared by weighing around 1.3 r 0.0001 grams of 
CRFs, immersed in a beaker contained 150 ml DI water. For each interval of 1224 hours, the samples were taken 
out, removed the unabsorbed water outside of the coating, and weighed until reaching equilibrium. The amount of 
water absorbed by fertilizer is presented by water saturation level in fertilizers (Sfw) and calculated as following 
equation (2). 
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where 
 masorbed_water (i) is the weight of fertilizers at time step i after immersed, g. 
2.3. Nutrient release test 
A certain amount of urea particles, 2±0.001g, is immersed into 250ml of distilled water and placed at room 
temperature. This amount of urea ensures that the urea concentration lies in the range of the calibration curve during 
the release test. For each interval of 2–5 days, urea concentration is determined by UV-Vis spectrometer. Released 
nitrogen is then calculated from the urea concentration profile. Two replicates were performed in the release test. 
Fig. 3 demonstrates the release experimental process and more details can be found elsewhere [24]. The results of 
this experiment are used to compare with the water absorption results in the context of the latter framework. 
 
Weighing for Identical 
Granule Size and Distribution
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Nitrogen Release Profile
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Fig. 3. Flow chart of nitrogen release experimental process. 
3. Results and discussion 
3.1. Water penetration in the fertilizer and its relationship with the nutrient release 
Fig. 4 illustrates the water absorption and the absorption rate of fertilizers against time. After fertilizers were 
immersed in water, their weights were increased due to the absorption of water into the coating and to the urea core. 
The absorption rate was high at the beginning and then reduced to an equilibrium rate. The penetration process 
shows that the amount of water absorption rate into fertilizer keeps constant from 17 days. After that, its rate 
gradually reduced and almost reached saturation at day 13th. This observation is in accordance with the equation 
proposed by Shaviv [22]. As stated, the amount of water absorbed into fertilizer was demonstrated by the following 
equation 
  PtA
l
P
tm w
h
waterabsorbed ' U_ , 0d t d t' (3) 
This equation also presents a linear relationship between water absorption against time as long as the driving 
force ('P) between the inside and outside of the coating keeps constant. Hence, the equation can be used to 
calculate the amount of fertilizer against time after immersed. 
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When the water absorption in fertilizer is put in the framework of the nutrient release, it can be seen that the 
absorption time took longer than the lag time observed from the release curve (around 3 days as seen in Fig. 5). It 
means that the water absorbed in fertilizer has less relationship to the lag time (t0). Hence, the assumptions and 
equation (3) mentioned by Shaviv [22] were not suitable to calculate the lag time (t0) in this case. An explanation is 
that absorbed water will dissolve the solid urea inside the core, and hence allows more water penetrate inside the 
fertilizer. During the dissolving and water absorption, an amount of nutrient will diffuse through the coating to the 
environment. Therefore, the release of nutrient occurs even before the fertilizer is saturated with water. In a nutshell, 
the water absorption in the fertilizer is not suitable to calculate the lag time according to our experimental data. 
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Fig. 4. Water saturation level in the fertilizer and water absorption rate. 
3.2. Water penetration in the coating and its relationship with the nutrient release 
Fig. 5 plots the profiles of water penetration in the coating and in the fertilizer together with nutrient release 
profile, and the difference between these absorption profiles were clearly showed. The water penetration profile in 
the coating was faster and sooner than that in the fertilizers. This observation obviously is in accordance with the 
theory because the water will first need to wet the coating and then filled the inside urea core. The coating was 
saturated after 3  5 days while the fertilizer was saturated after 1213 days. In addition, nitrogen started to release 
around 23 days. It means that the release process begins right after the coating was saturated instead of waiting to 
fulfill the inside fertilizer. Once again, it confirms that the calculation which is based on the amount of water 
absorbed in fertilizer and equation (3) will increase the error of the estimated lag time (t0). Therefore, this time 
should be calculated on the basis of the water penetration in the coating rather than in the fertilizers. A mechanistic 
model in 1D coordinate has been proposed and simulated the water penetration process of water in the coating, and 
this model’s results corresponded with the observation data. However, the details model is not presented in this 
report. Another explanation for the result is that when the water penetrates in the coating and reaches the urea inside 
the core, solid urea will dissolve into liquid due to its high solubility in water. At this moment, the liquid urea will 
then release through the coating when a suitable driving force between the inside and outside of the coating is 
obtained. It definitely does not wait until the urea core is saturated with water as previously mentioned in the 
literature. 
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Fig. 5. Water saturation level in the fertilizer and in the coating during the release process in the context of nutrient release. 
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
0.00 0.20 0.40 0.60 0.80 1.00
W
at
er
 sa
tu
ra
ti
on
 le
ve
l (
1)
Nomarlized Time (1)
Agrium
Liang (2006b)
Rashidazadeh (2015)
 
Fig. 6. A comparison of different normalized water absorbency curves, i.e., Agrium fertilizer (this work), Rashidazadeh [25], and Liang [26]. 
 
Fig. 6 plots the normalized water absorbency curve in the coating of this work together with that of 
Rashidazadeh [25] and Liang [26]. Hence, it firmly presents that the absorption curve was similar to other 
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absorption curves. In addition, the water absorption data were fitted with the first-order kinetic for water sorption 
[25] as below: 
 tkt we
W
W 
f
 1
  (4) 
 
where Wt is the amount of water absorbed at time t, 
  Wf is the maximum water absorbed, 
  kw is water sorption rate constant. 
 
According to our result, the kw was 0.853 with a coefficient of determination (R
2) of 0.925. 
4. Conclusion 
This study has investigated the dynamic of water absorption in fertilizers and their relationship to the release of 
nutrient. The water absorption in the coating is obviously sooner and faster than that in the fertilizer. Besides, it has 
more relation to the lag time period that observed in the release curve. In addition, experimental data corresponded 
with other results from the literature. However, there is a minor discrepancy in the observation, i.e., the lag time 
period (t0) should be calculated based on the water absorption of the coating rather than that of the fertilizer. It also 
shows that the water penetration in the coating is followed a first-order kinetic, and the absorption in fertilizer is in 
accordance with the described equation from literature. 
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